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METHOD OF TREATING CYSTIC FIBROSIS
USING
8-CYCLOPENTYL-1,3-DIPROPYLXANTHINE OR
XANTHINE AMINO CONGENERS

FIELD OF THE INVENTION

The present invention relates to a method of treating
cells having a reduced apical Cl— conductance, such as

cystic fibrosis cells. Specifically, the present inventive

method involves contacting cells having a reduced
apical Cl— conductance with a therapeutically effective
quantity of a compound that antagonizes the Aj-adeno-
sine cell receptor and does not antagonize the Aj-
adenosine cell receptor.

BACKGROUND OF THE INVENTION

Cystic fibrosis (CF) is an inherited multi-system dis-
order that is characterized by an abnormality in exo-
crine gland function. More specifically, CF 1s caused by
mutations in the cystic fibrosis transmembrane regula-
tor (CFTR) gene. The mutations in the CFTR gene
result in an abnormal potentlal difference across CF
epithelia. The abnormality is due to a reduced cellular
apical Cl— conductance. Consequently, chloride and
sodium transport across mucous membranes 1S abnor-
mal. This abnormality is apparently responsible for
pathophysiological changes in the respiratory system.
Nearly all patients suffering from the disease develop
chronic progressive disease of the respiratory system.
Also, in the majority of cases, pancreatic dysfunction
occurs, and hepatobiliary and genitourinary diseases are
also frequent The incidence of the disease among white
Americans is between 1/1600 and 1/2000 live births.
Among Afro-Americans, the incidence is much
reduced—about 1/17,000 live births. Although survival
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including cystic fibrosis, chronic bronchitis and emphy-
sema, or COPD in association with asthma.
Historically, theophylline has been administered to
asthmatic and CF patients to enhance lung function.
The mechanism of theophylline has been shown to

~ involve both the inhibition of phosphodiesterase and the

antagonism of adenosine receptors. Since theophylline
acts at more than one site, it lacks specificity. In view of
the fact that antagonism of the A1 adenosine receptor,
not inhibition of phosphodiesterase, has been shown to
result in chloride efflux, such lack of specificity could
result in undesired side effects. In addition, large doses
of theophylline must be administered to achieve a bene-
ficial effect, at the same time risking side effects from
the high toxicity of the compound.

Other compounds that resemble theophylline in basic

 structure have been tested but have not been found to
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be useful in the treatment of cystic fibrosis. For exam-
ple, IBMX (see FIG. 1A), which is structurally similar
to theophylline, is nonspecific in activity and highly
toxic and, therefore, lacks utility in the treatment of CF.
Also ineffective in the activation of chloride efflux are
the compounds 2-thio-CPX, KW-3902, and CPT (see
FIG. 1B). Similarly, substitution of the propyl group at
position R; or R3 of CPX (see FIG. 1A) with a one-car-
bon group generates a compound that is ineffective n
activating chloride efflux from CF cells. Clearly, minor
structural differences have a significant, i1f not substan-
tial, impact on the effectiveness of the compound in the
treatment of CF.

A drug of high potency, low toxicity, and high speci-
ficity for the A1 adenosine receptor, however, would be
a highly desirable and promising therapeutic agent for
the treatment of cells having a reduced apical Cl— con-
ductance, such as cystic fibrosis cells. Such a drug

- would not only find utility in the treatment of cystic

of cystic fibrosis patients has improved in recent years,

the median survival is still only about 20 years despite
intensive supportive and prophylactic treatment.

Present efforts to combat the disease have focused on
drugs that are capable of either activating the mutant
CFTR gene product or causing additional secretion of
Cl— from affected cells, as well as gene therapy,
wherein the anion conductance deficit is repaired by the
introduction of a recombinant wild-type CFTR gene,
i.e., a CFTR gene that lacks a mutation that results in
the abnormality.

Encouraging clinical results have been reported re-
cently for the use of aerosols containing either amilo-
ride (Knowles et al., N. Engl. J. Med. 322: 1189-1194.
1990.) or a mixture of ATP and UTP (Knowles et al., N.
Engl. J. Med. 325: 533-538. 1991.), which slow the
accumulation of Cl— in the epithelium of the trachea.

Other drugs that are purportedly useful in the treat-
ment of CF have been described. For example, U.S. Pat.
No. 4,866,072 describes the use of 9-ethyl-6,9-dihydro-
4,6-dioxo-10-propyl-4H-pyrano(3,2-g)quinoline2,8-
dicarboxylic acid or a pharmaceutically acceptable de-
rivative thereof in the treatment of CF. U.S. Pat. No.
4,548,818 describes the use of a 3-alkylxanthine to treat
chronic obstructive pulmonary disease (COPD). U.S.
Pat. No. 5,032,593 describes the use of a 1,3-alkyl substi-
tuted 8-phenylxanthine or a pharmaceutically accept-
able salt thereof in the treatment of bronchoconstric-
tion. U.S. Pat. No. 5,096,916 describes the use of an
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imidazoline a-adrenergic blocking agent and vasodi-

lator, such as tolazoline, in the treatment of COPD,

fibrosis per se but would be therapeutically useful in the
treatment of COPD in general.

It is an object of the present invention to provide such
a method of treating cells having a reduced apical Cl—
conductance. It is another object of the present inven-
tion to provide a method of treating cystic fibrosis cells.
It is yet another object of the present invention to pro-

vide a method of treating cystic fibrosis cells having a

deletion involving phenylalanine at amino acid position
508 of the cystic fibrosis transmembrane regulator.

These and other objects and advantages of the pres-
ent invention, as well as additional inventive features,
will be apparent from the description of the invention
provided herein.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a method of treating
cells having a reduced apical Cl— conductance, such as
cystic fibrosis cells. Specifically, the present inventive
method involves contacting cells having a reduced
apical Cl— conductance with a therapeutically effective
quantity of a compound that antagonizes the Aj-adeno-
sine cell receptor and does not antagonize the Ax-
adenosine cell receptor. In particular, the method in-
volves contacting such cells with a compound such as
8-cyclopentyl-1,3-dipropylxanthine (CPX), xanthine
amino congener (8-[4-[2-aminoethylaminocarbonyime-
thyloxy]-phenyl]-1,3-dipropylxanthine, XAC), or a
therapeutically effective derivative thereof.

The compounds used in the present inventive
method, which are known in the art, resemble theophyl-
line in basic structure; however, they differ significantly



5,366,977

3

in the substituents at the R, R3, and Rg positions. Given
that minor structural differences in compounds that
resemble theophylline have been shown to render the
compounds ineffective or otherwise not useful in the
treatment of CF, it was surprising to discover that CPX
and XAC are effective in activating chloride efflux
from CF cells. For example, CPX is twice as effective
as theophylline at 1/30,000 the concentration 1n activat-
ing chloride efflux from CF cells without any accompa-
nying toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a drawing that shows the structures of a
number of xanthine-analogue adenosine receptor antag-
onist drugs.

FIG. 1B 1s a drawing that shows the structures of
several A) adenosine receptor antagonists that do not
activate chloride efflux from CFPAC cells, which are
pancreatic adenocarcinoma cells from a cystic fibrosis
patient who is homozygous for the CFTR deletion of
Phe-508.

FIGS. 2-6 graphically describe various experiments
involving specific Aj-adenosine antagonists (i.e., CPX
and XAC), nonspecific Aj-adenosine antagonists (i.e.,
IBMX and theophylline), a phosphodiesterase inhibitor
(i.e., rolipram), an exogenous adenosine agonist (i.e.,
2-chloroadenosine), an enzyme that removes adenosine
by converting it to inactive mosine (i.e., adenosine de-
aminase), and an adenylate cyclase activator (i.e., for-
skolin).

FIG. 2 is a graph of time (minutes) versus the fraction
of total 36Cl— remaining in CFPAC cells at particular
points in time. The effects of isobutylmethylxanthine
(IBMX, @ ), forskolin (A), and IBMX and forskolin
combined (()) on chloride efflux from CFPAC cells in
comparison to control cells () are shown.

FIG. 3A is a graph of time (minutes) versus the frac-

tion of 36Cl— remaining in CFPAC cells during an XAC
efflux experiment. The effects of 10 nM XAC (A) and 1
oM XAC ((O) in comparison to control cells (Jll) are
shown.

FIG. 3B is a bar graph of the relative rates of 36Cl—
efflux (% of control cells) from CFPAC cells treated
with zero, 10 nM, and 1 uM XAC. The rate was calcu-
lated from a curve fit to a first-order exponential func-
tion. The error bars show the SEM for four experi-
ments.

FIG. 4A is a graph of time (minutes) versus the frac-
tion of 36Cl— remaining in CFPAC cells during a CPX
efflux experiment. The effects of 10 nM (A), 100 nM
(@), and 10 uM () CPX in comparison to control cells
() are shown. The data were obtained n four experi-
ments.

FIG. 4B is a bar graph of the relative rate of 30Cl—
efflux (% of control cells) from CFPAC cells treated
with zero, 10 nM, 100 nM, and 10 uM CPX. The rates
constants were evaluated from a fit of the efflux data of
FIG. 4A to a first-order rate equation. The error bars
are those for the calculation of the efflux rates in FIG.
4A.

FIG. 5A is a graph of time (minutes) versus the frac-
tion of 36Cl— remaining in CFPAC cells during an XAC
efflux experiment. The cells were pretreated with aden-
osine deaminase. The effect of adenosine deaminase on
the activity of CFPAC cells treated with 10 nM (A), 30
nM (@), and 100 nM () XAC in comparison to con-
trol cells (J}) is shown.
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FIG. 5B is a bar graph of the relative rate of 36Cl—
efflux (% of control cells) from CFPAC cells pretreated
with adenosine deaminase and then treated with zero,
10 nM, 30 nM, and 100 nM XAC. The rate constants
were calculated from the fit of the efflux data of FIG.
SA to a first-order rate equation.

FIG. 5C is a graph of time (minutes) versus the frac-
tion of 30Cl— remaining in CFPAC cells during an XAC
efflux experiment. The cells were pretreated with 2-
chloroadenosine. The effect of 2-chloroadenosine on
the activity of cells treated with 10 nM (A), 30 nM (@),
and 100 nM () XAC in comparison to control ([l
cells 1s shown.

FIG. 5D is a bar graph of the relative rate of 36Cl—
efflux (% of control cells) from CFPAC cells pretreated
with 2-chloroadenosine and then treated with zero, 10
nM, 30 nM, and 100 nM XAC. The rate constants were
calculated from the fit of the efflux data of FIG. 5C to
a first-order rate equation.

FIG. 6 is a bar graph of 36Cl— efflux (% of control
cells) from CFPAC cells treated with 5 nM CPX, 50
uM IBMX, 150 uM theophylline, 20 uM forskolin, and
20 puM rolipram. The error bars show the SEM for
three experiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention provides a method of treating
cells having a reduced apical Cl— conductance, such as
cystic fibrosis cells. Specifically, the method mvolves
contacting cells having a reduced apical Cl— conduc-
tance with a therapeutically effective quantity of a com-
pound that antagonizes the Ai-adenosine cell receptor
and does not antagonize the Aj-adenosine cell réceptor.
In particular, the method involves contacting such celis
with a compound such as 8-cyclopentyl-1,3-dipropylx-
anthine (CPX), xanthine amino congener (8-[4-[2-
aminoethylaminocarbonylmethyloxy]phenyl]-1,3-
dipropylxanthine, XAC), or a therapeutically effective
derivative thereof. CPX is a preferred compound in the
context of the present invention because it 1s a potent
low-toxicity drug that specifically activates Cl— efflux
from CF cells.

The present inventive method has particular utility in
the treatment of cystic fibrosis cells. The method 1is
especially preferred in the treatment of cystic fibrosis
cells that have a deletion mvolving phenylalanine at
amino acid posttion 508 of the cystic fibrosis transmem-
brane regulator, in particular those cystic fibrosis cells
found within 2 human patient.

The compound used in the present inventive method
is preferably one that does not have phosphodiesterase
activity. It is also preferred that the therapeutically
effective quantity of the compound i1s nontoxic. Most
preferably, the compound, itself, is nontoxic. Especially
preferred compounds for use in the present mnventive
method are 8-cyclopentyl-1,3-dipropylxanthine (CPX)
and xanthine amino congener (8-[4-[2-aminoe-
thylaminocarbonylmethyloxyjphenyl]-1,3-dipropylxan-
thine, XAC). It is believed that the compound KFM 19
(see FIG. 1), which resembles CPX with the exception
of an oxygen substituent on the cyclopentyl group,
would also be useful in the present inventive method.

Alternatively, or additionally, a pharmaceutically
acceptable derivative of CPX or XAC may be used in
the present inventive method. It is desirable that such a
derivative have equivalent therapeutic effectiveness in
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the context of the present inventive method of treat-
ment.

The compound useful in the present inventive
method may be administered by any suitable means.
One skilled in the art will appreciate that many suitable
methods of administering the compound to an animal in
the context of the present invention, in particular a
human, are available, and, although more than one

route may be used to administer a particular compound,

a particular route of administration may provide a more
immediate and more effective reaction than another
route.

The compound is preferably administered directly to
the lung of a patient. Preferably, the compound is ad-
ministered as a pharmaceutically acceptable aqueous
solution. It 1s even more preferable that the compound
be administered as a pharmaceutically acceptable aque-
ous solution containing from about 0.001 to about
0.01% w/w of the compound. A pharmaceutically ac-
ceptable aerosol i1s another preferred means of adminis-
tration. The aerosol preferably contains from about
0.001 to about 0.01% w/w of the compound.

The compound also may be administered orally. In
such a case, the compound will be generally adminis-
tered in an amount of about 0.1 mg/kg body weight per
day. Other routes of administration, such as intravenous
and intraperitoneal administration, are also possible.

The compound should be administered such that a
therapeutically effective concentration of the com-
pound is in contact with the affected cells of the body.
The dose administered to an animal, particularly a hu-
man, in the context of the present invention should be
sufficient to effect a therapeutic response in the animal
over a reasonable period of time. The dose will be deter-
mined by the strength of the particular compound em-
~ ployed and the condition of the animal, as well as the
body weight of the animal to be treated. The size of the
dose also will be determined by the existence, nature,
and extent of any adverse side effects that might accom-
pany the administration of a particular compound and
the particular route of administration employed with a
particular patient. In general, the compounds of the
present imnvention are therapeutically effective at low
doses. The effective dosage range is from about 30 nM
to about 100 nM. Accordingly, the compounds will be
generally administered in low doses. |

The compound may be administered in a pharmaceu-
tically acceptable carrier. Pharmaceutically acceptable
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ble carniers. Lozenge forms can comprise the active
ingredient 1n a flavor, usually sucrose and acacia or
tragacanth, as well as pastilles comprising the active
ingredient 1n an inert base, such as gelatin and glycerin
or sucrose and acacia emulsions, gels and the like con-
taining, m addition to the active ingredient, such carri-
ers as are known 1n the art.

Formulations suitable for administration by inhala-
tion include aerosol formulations placed into pressur-
1zed acceptable propellants, such as dichlorodifluoro-
methane, propane, nitrogen, and the like. The active
agent may be aerosolized with suitable excipients.

Formiilations suitable for intravenous and intraperi-
toneal administration, for example, include aqueous and
nonaqueous, i1sotonic sterile injection solutions, which
can contain anti-oxidants, buffers, bacteriostats, and
solutes that render the formulation isotonic with the
blood of the intended recipient, and aqueous and nona-
queous sterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and
preservatives. The formulations can be presented in
unit-dose or multi-dose sealed containers, such as am-
pules and vials, and can be stored in a freeze-dried (ly-
ophilized) condition requiring only the addition of the
sterile liquid carriers for example, water, for injections,
immediately prior to use. Extemporaneous injection
solutions and suspensions can be prepared for sterile
powders, granules, and tablets of the kind previously

described.

The desirable extent of the induction of Cl— efflux
from cells will depend on the particular condition or
disease being treated, as well as the stability of the pa-
tient and possible side effects. In proper doses and with

suitable administration of certain compounds, the pres-

ent invention provides for a wide range of activation of
the rate of chloride ion efflux, e.g., from little activation
to essentially full activation.

The present invention is expected to be eftective in
the treatment of all conditions, including diseases, that -

'~ may be characterized by a reduced cellular apical Cl—

45

carriers are well-known to those who are skilled in the

art. The choice of carrier will be determined in part by
the particular compound, as well as by the particular
method used to administer the composition. Accord-
ingly, there is a wide variety of suitable formulations of
the pharmaceutical composition of the present inven-
tion. |

Formulations suitable for oral administration include
(a) liquid solutions, such as an effective amount of the
compound dissolved in diluents, such as water or saline,
(b) capsules, sachets or tablets, each containing a prede-
termined amount of the active ingredient, as solids or
granules, (c) suspensions in an appropriate liquid, and
~ (d) suitable emulsions. Tablet forms may include one or
more of lactose, mannitol, corn starch, potato starch,

microcrystalline cellulose, acacia, gelatin, colloidal sili-

con dioxide, croscarmellose sodium, talc, magnesium
stearate, stearic acid, and other excipients, colorants,
diluents, buffering agents, moistening agents, preserva-
tives, flavoring agents, and pharmacologically compati-
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conductance. In particular, the present invention is
expected to have utility in the treatment of chronic
obstructive pulmonary diseases, in particular cystic
fibrosis.

~ The following examples serve to further illustrate the
present invention and are not intended to limit the scope
of the invention.

EXAMPLE 1

This example describes the culture of CFPAC cells
which are utilized in succeeding examples.
CFPAC cells are pancreatic adenocarcinoma cells

from a CF patient, who is homozygous for the most

common CFTR mutation, ie., deletion of Phe-508
(Schoumacher et al., PNAS 87: 4012-4016. 1990.).
CFPAC cells and CFTR-transfected CFPAC cells
(CFPAC-4.7 CFTR) were obtained from R. Frizzell at
the University of Alabama. The cells were split and
seeded at low density on 24-well COSTAR plates 1n
medium composed of Eagle’s minimal essential medium

~ with Dulbecco’s modifications (DMEM), supplemented

65

with 10% (vol/vol) heat-inactivated fetal calf serum,
1 X 105 units/ml penicillin, 100 mg/liter streptomycin,
and 1% (wt/vol) glutamine. After 5 hours, the medium

‘was replaced and attached cells were allowed to reach

confluency during a period of 48 hours at 37° C. in 5%
C0O2/95% air.
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EXAMPLE 2

This example describes the measurement of chloride
efflux from the cells of Example 1.

Before each expertment, cells were loaded with
36C1— as follows. Confluent cells were washed four
times in bicarbonate-free DMEM. Then, after aspirating
the last wash, 250 ul of DMEM and 25 pul (approxi-
mately 1.4 X 108 cpm) of 36CI— (Amersham) were added
to each well. The plates of cells were then incubated at
37° C. for two hours in a CO»s-free incubator. The plates
were then moved to 25° C., and drugs were added at
various concentrations and times. After incubating, the
cells were washed four times in 500 ul of an ice-cold
wash medium composed of 150 mM sodium-gluconate
and 10 mM Hepes (pH 7.4). At the end of the wash step,
500 pl of flux medium at 21° C. was added, and sam-
pling was initiated by collecting 50 ul aliquots from
each well at 0, 1, 2, 3, 5, 7, and 10 minutes. The flux
medium consisted of 150 mM sodium gluconate, 1.5
mM potassium gluconate, 10 mM sodium Hepes
(pH=7.4), 100 uM bumetanide to inhibit the cotran-
sporter, and different drugs, e.g., Aj-adenosine antago-
nists and activators of cAMP synthesis, as required and
described in subsequent examples. The osmolarity was
310 mOsm. At the end of each flux experiment, 20 ul of
50% trichloroacetic acid was added to a final concen-
tration of 5% to obtain a measure of remaining radioac-
tivity. Samples were mixed with 1.5 ml of Cytoscint
fluid and assayed for two minutes on a Beckman

1.S9000 scintillation counter with windows at maximum
width.

EXAMPLE 3

This example describes the treatment of cells in ac-
cordance with the present invention.

The cells of Example 1 were treated with drugs in
accordance with the procedure of Example 2 as fol-
lows: forskolin (4 uM for 5 minutes), isobutylmethylx-
anthine (IBMX; 40 uM for 5 minutes), xanthine amino
congener (XAC) or 8-cyclopentyl-1,3-dipropylxanthine
(CPX) (vartous concentrations for 15 minutes), 2-
chloroadenosine (100 uM for 30 minutes), and adeno-
sine deaminase (2 units/m! for 30 minutes). Data from
the scintillation counter were transferred by Data Mod-
ule to a computer for analysis.

EXAMPLE 4

This example describes the effects of the drugs tested
on the activation of chloride efflux from CF cells as set
forth in Example 3.

The exposure of CFPAC cells to either IBMX (40
uM) or forskolin (4 uM) alone only modestly aftected
chloride efflux. However, exposure of the cells to a
combination of the two drugs substantially increased
the rate of chloride efflux by about 75% over control
cells. These results are shown in FIG. 2. The action of
IBMX is known to include not only inhibition of phos-
phodiesterase (Montague et al., Biochem. J. 122:
115-119. 1989.) but also antagonist activity on adeno-
sine receptors (Snyder et al., PNAS 78: 3260-3264.
1981.).

The selective phosphodiesterase inhibitor rolipram
(Schneider et al., In: Purines in Cellular Signaling: Tar-
gets for New Drugs. Springer-Verlag, N.Y. pp. 303-308.)
did not affect chloride efflux in CFPAC cells. This
suggests that antagonism of the A adenosine receptor is
the basis for chloride efflux.
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XAC was found to be effective at low concentrations
in evoking chloride efflux as shown in FIG. 3A. FIG.
3B summarizes the relative rate constants for the chlo-
ride efflux evoked by XAC at two concentrations in
comparison with control cells. From these data, it 1s
apparent that 10 nM XAC increases the rate of 36Cl—

efflux from CFPAC cells by around 50%. At higher
concentrations of XAC, ie., =1 uM, however, the
chloride efflux rate returned to the control rate. The
loss of activity at higher concentrations is believed to
reflect either nonspecific activity or action on the Aj
adenosine receptor in addition to the A adenosine re-
ceptor. |

CPX, which is known to be somewhat more potent
and more selective than XAC for human A1 adenosine
receptors (J1 et al., J. Recept. Res. 12: 149-169. 1992.;
von der Leyen et al.,, Naunyn Schmiedeberg’s Arch.
Pharmakol. 340: 204-209. 1989.; Jacobson, In: Compre-
hensive Medicinal Chemistry, Vol. 3: 601-642. 1990.) was
found to cause a profound activation of 36Cl— efflux at
a concentration of 10 nM (FIG. 4A). Like XAC, CPX
became less effective at higher concentrations. Eventu-
ally, CPX, at a concentration of 10 uM, reduced the
rate of 36Cl— below that of the control rate (FIG. 4B).

In contrast with the results obtained with CPX and
XAC on CFPAC cells, tests of XAC and CPX on the
colon carcinoma cell lines HT-29 and T84, both of
which contain the wild-type CFTR gene, and CFIR-
transfected CFPAC cells did not result in activation of
chloride efflux.

EXAMPLE 5

This example demonstrates the effects of a potent
adenosine agonist and an adenosine deaminase on XAC
activation of chloride efflux.

The actions of the potent adenosine agonist 2-
chloroadenosine (Jacobson, supra) and adenosine deam-
inase on XAC activation of chloride efflux were evalu-
ated. Adenosine deaminase (see FIG. SA) permitted
only modest increases in the efflux rate upon further
addition of XAC. Adenosine deaminase (see FIG. 5B)
also suppressed efflux rates at higher XAC concentra-
tions. Ten uM 2-chloroadenosine inhibited the action of
XAC on chloride efflux from CFPAC cells (see FI1IGS.
SC and 5D). However, the highest dose level of XAC
(300 uM) still reduced efflux rates to below control
levels, despite the presence of 10 uM 2-chloroadeno-
sine.

EXAMPLE 6

This example demonstrates the superior effectiveness
of a comparatively low concentration of CPX over
IBMX, theophylline, forskolin, and rolipram.

The action of CPX (5 nM) was compared to that of
IBMX (50 uM), theophylline (150 uM), forskolin (20
uM), and rolipram (20 uM). CPX was observed to
activate chloride efflux from CFPAC cells more effec-
tively than the other compounds and to do so at a much
reduced level (see FIG. 6). For example, a 30,000-fold
higher concentration of theophylline, i.e., 150 uM,
which is toxic and not therapeutic for asthma, produced
only a marginal effect, whereas a 30,000-fold lower
concentration of CPX significantly activated chloride
efflux from CFPAC cells.

The results of these examples indicate that it 1s possi-
ble to activate chloride efflux from CF cells by using a
selective A adenosine receptor antagonist, such as
CPX or XAC. The specificity of these compounds for
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CF cells is 1llustrated by the fact that neither XAC nor
CPX have discernible effects on chlonide efflux from
the colon carcinoma cell lines HT-29 and T84, both of
which possess the wild-type CFTR message. Further-
more, CPX has no effect on CFTR-transfected CFPAC
cells. The potential therapeutic advantages of a drug
that is able to activate chloride efflux from CF cells
specifically are appreciable, given that such drug action
would tend to be less encumbered by unwanted side
effects from unaffected tissues.
Al of the publications identified herein are hereby

incorporated by reference in their entireties.

While the invention has been described with an em-
 phasis upon preferred embodiments, it will be obvious
to those of ordinary skill in the art that variations in the
preferred method can be used and that it is intended that
the invention can be practiced otherwise than as specifi-
cally described herein. Accordingly, this invention 1in-
cludes all modifications encompassed within the spirit
and scope of the invention as defined by the following
claims.

What is claimed is: _

1. A method of treating cystic fibrosis in a mammal in
need of such treatment, which method comprises ad-
ministering a therapeutically effective amount to said
mammal of 8-cyclopentyl-1, 3-dlpropy1xanthme Or xan-
thine amino congener.

2. The method of claim 1, wherein said mammal is a
human.

3. The method of claim 2, wherein sald compound is
8-cyclopentyl-1,3-dipropylxanthine.

4. The method of claim 3, wherein said cystic fibrosis
is characterized by the existence of cystic fibrosis cells
in said human having a deletion involving phenylala-
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nine at amino acid position 508 of the cystic fibrosis
transmembrane regulator.

5. The method of claim 3, wherein said compound is
administered directly to the lung of said human.

6. The method of claim §, wherein said compound is
administered as a pharmaceutically acceptable aqueous
solution containing from about 0.001 to about 0.01%
w/w of said compound.

7. The method of claim 5, wherein said compound is -
administered as a pharmaceutically acceptable aerosol

containing from about 0.001 to about 0.01% w/w of
said compound.

8. The method of claim 3, wherein said compound is
orally administered in an amount of about 0.1 mg/kg
body weight per day.

9. The method of claim 2, wherein said compound is
xanthine amino congener.

10. The method of claim 9, wherein said cystic fibro-
sis is characterized by the existence of cystic fibrosis

cells in said human having a deletion involving phenyl-
alanine at amino acid position 508 of the cystic fibrosis
transmembrane regulator.

11. The method of claim 9, wherein said compound 1s
administered directly to the lung of said human.

12. The method of claim 11, wherein said compound
is administered as a pharmaceutically acceptable aque-
ous solution containing from about 0.001 to about
0.01% w/w of said compound.

13. The method of claim 11, wherein said compound
is administered as a pharmaceutically acceptable aero-
sol containing from about 0.001 to about 0.01% w/w of

said compound.
14. The method of claim 9 wherein said compound 1s |

orally administered in an amount of about 0.1 mg/kg
body weight per day.
' E
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